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Variability of ICU Use in Adult Patients With Minor Traumatic
Intracranial Hemorrhage
Daniel K. Nishijima, MD, MAS; Jason S. Haukoos, MD, MSc; Craig D. Newgard, MD, MPH; Kristan Staudenmayer, MD;
Nathan White, MD; David Slattery, MD; Preston C. Maxim, MD; Christopher A. Gee, MD, MPH; Renee Y. Hsia, MD, MSc;
Joy A. Melnikow, MD, MPH; James F. Holmes, MD, MPH
Study objective: Patients with minor traumatic intracranial hemorrhage are frequently admitted to the ICU,
although many never require critical care interventions. To describe ICU resource use in minor traumatic
intracranial hemorrhage, we assess (1) the variability of ICU use in a cohort of patients with minor
traumatic intracranial hemorrhage across multiple trauma centers, and (2) the proportion of adult patients with
traumatic intracranial hemorrhage who are admitted to the ICU and never receive a critical care intervention during
hospitalization. In addition, we evaluate the association between ICU admission and key independent variables.
Methods: A structured, historical cohort study of adult patients (aged 18 years and older) with minor traumatic
intracranial hemorrhage was conducted within a consortium of 8 Level I trauma centers in the western United States
from January 2005 to June 2010. The study population included patients with minor traumatic intracranial
hemorrhage, defined as an emergency department (ED) Glasgow Coma Scale (GCS) score of 15 (normal mental
status) and an Injury Severity Score less than 16 (no other major organ injury). The primary outcome measure was
initial ICU admission. The secondary outcome measure was a critical care intervention during hospitalization. Critical
care interventions included mechanical ventilation, neurosurgical intervention, transfusion of blood products,
vasopressor or inotrope administration, and invasive hemodynamic monitoring. ED disposition and the proportion of
ICU patients not receiving a critical care intervention were compared across sites with descriptive statistics. The
association between ICU admission and predetermined independent variables was analyzed with multivariable
regression.
Results: Among 11,240 adult patients with traumatic intracranial hemorrhage, 1,412 (13%) had minor traumatic
intracranial hemorrhage and complete ED disposition data (mean age 48 years; SD 20 years). ICU use within
this cohort across sites ranged from 50% to 97%. Overall, 847 of 888 patients (95%) with minor traumatic
intracranial hemorrhage who were admitted to the ICU did not receive a critical care intervention during
hospitalization (range between sites 80% to 100%). Three of 524 (0.6%) patients discharged home or admitted
to the observation unit or ward received a critical care intervention. After controlling for severity of injury (age,
blood pressure, and Injury Severity Score), study site was independently associated with ICU admission (odds
ratios ranged from 1.5 to 30; overall effect P.001).
Conclusion: Across a consortium of trauma centers in the western United States, there was wide variability in
ICU use within a cohort of patients with minor traumatic intracranial hemorrhage. Moreover, a large proportion of
patients admitted to the ICU never required a critical care intervention, indicating the potential to improve use of
critical care resources in patients with minor traumatic intracranial hemorrhage. [Ann Emerg Med. 2013;61:
509-517.]
Please see page 510 for the Editor’s Capsule Summary of this article.
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A podcast for this article is available at www.annemergmed.com.
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INTRODUCTION
Background
Traumatic brain injury is the most common cause of death
and disability in patients younger than 44 years.1 Each year, it b
Volume , .  : May ccounts for an estimated 1.1 million emergency department
ED) visits, 235,000 hospitalizations, and 50,000 deaths in the
nited States.2 The presence or absence of traumatic
ntracranial hemorrhage is determined by cranial computed
omography (CT) imaging. Generally, patients with traumatic
rain injury but without traumatic intracranial hemorrhage (ie,
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Intensive Care Use by Trauma Patients Nishijima et alconcussion) are discharged from the ED, whereas patients with
traumatic intracranial hemorrhage are admitted to the hospital
for further management.3
Patients with a traumatic intracranial hemorrhage are
classified as having mild (Glasgow Coma Scale [GCS] score 13
to 15), moderate (GCS score 9 to 12), or severe injury (GCS
score 3 to 8).4 Patients with moderate or severe traumatic
intracranial hemorrhage have high morbidity and mortality and
almost uniformly require ICU admission for neurologic
monitoring and concentrated therapy.5 ICU care assists in early
detection of secondary brain injury from cerebral edema,
increased intracranial pressure, and cerebral ischemia.6
Importance
However, in patients with a traumatic intracranial
hemorrhage and a normal mental status (GCS score15), the
rate of hematoma expansion is low and need for neurosurgical
intervention is rare.7,8 Thus, the need for ICU admission in
patients with mild traumatic intracranial hemorrhage is less
certain, and routine ICU admission may lead to unnecessary use
of critical care resources. Previous evidence from a single center
indicated that 55% of adult patients with any degree of
traumatic intracranial hemorrhage who were admitted to the
ICU never required a critical care intervention (mechanical
ventilation, neurosurgical intervention, vasopressor/inotrope
use, blood product transfusion, and invasive monitoring) during
hospitalization.9
Disposition of ED patients with a normal mental status and
Editor’s Capsule Summary
What is already known on this topic
There is a lack of well-defined indications for ICU
admission for patients with traumatic intracranial
hemorrhage who have a normal mental status.
What question this study addressed
The authors retrospectively examined variability in
ICU admissions and critical care resources used
among patients with traumatic intracranial
hemorrhage, a Glasgow Coma Scale of 15, and no
other major injuries at 8 trauma centers.
What this study adds to our knowledge
There was marked variability (50% to 97%) in ICU
admissions among the 8 centers, and only 3.1% of
subjects required a critical care intervention.
How this is relevant to clinical practice
This and future studies could better define patients
with traumatic intracranial hemorrhage not
requiring ICU admission and reduce variability in
ICU use.traumatic intracranial hemorrhage that does not require I
510 Annals of Emergency Medicinemmediate neurosurgical operative intervention may include
ne of the following strategies: admission to the hospital ICU,
dmission to the hospital ward (non-ICU setting), monitoring
ithin an ED observation unit, or observation in the ED and
ischarge home.10-12 Because of the lack of well-defined
ecommendations for ICU admission in alert patients with
raumatic intracranial hemorrhage, there is potential for wide
ariability in ICU use among trauma centers.3 The degree of
uch variability, however, has not been assessed.
oals of This Investigation
The objective of this study was to evaluate the variability of
CU use in adult patients with minor traumatic intracranial
emorrhage across a consortium of trauma centers and to
valuate the proportion of these patients admitted to the ICU
ho never receive a critical care intervention during
ospitalization. In addition, we will evaluate the association
etween ICU admission and key independent variables.
ATERIALS AND METHODS
tudy Design and Setting
This multicenter, historical cohort study was approved by
he institutional review boards at all sites. The study was
onducted at 8 academic sites across the western United Stataes
Denver Health Medical Center; Oregon Health & Sciences
niversity; Stanford University; University of California, Davis;
an Francisco General Hospital; University Medical Center of
outhern Nevada; University of Utah; and University of
ashington). Participating sites are part of the Western
mergency Services Translational Research Network, a
onsortium of academic centers linked through Clinical and
ranslational Science Award centers.13,14 All participating
ospitals are American College of Surgeons accredited Level I
rauma centers. All trauma centers have trauma registry
rograms that collect a uniform set of trauma registry variables
n accordance with the National Trauma Data Standard Data
ictionary.15 Inclusion and exclusion criteria for all trauma
egistries were similar (Table E1, available online at http://
ww.annemergmed.com).16 None of the sites have a formal
olicy of ICU admission for patients with traumatic intracranial
emorrhage. The primary advantage of using this consortium
ather than a national trauma database is the ability to ascertain
ey variables at each site and direct contact with individual sites to
nsure accuracy, reliability, and appropriate interpretation of the
ata.16
election of Participants
The population of primary interest was adult subjects with
raumatic intracranial hemorrhage and an initial ED GCS score
f 15 (normal mental status) and an Injury Severity Score less
han 16. This cohort represents subjects with a similar severity
f injury who were at low risk for requiring neurosurgical
nterventions and may be potentially managed outside of the
CU.7,8 Injury Severity Score is calculated at discharge and is
Volume , .  : May 
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Nishijima et al Intensive Care Use by Trauma Patientsroutinely dichotomized at 16 or greater (severe trauma) and less
than 16 (nonsevere trauma).17,18 An Injury Severity Score less
than 16 also serves as a surrogate for isolated head trauma
because these patients cannot have both a traumatic intracranial
hemorrhage and a severe nonhead injury (other major organ
injury).
Trauma registries at all sites were searched from January 1,
2005, to June 30, 2010, for adult ED subjects (aged 18 years
and older) with International Classification of Diseases, Ninth
Revision (ICD-9) codes specific for traumatic intracranial
hemorrhage (codes 851 to 854).19 ICD-9 codes with the 854
prefix (intracranial injury of other and unspecified nature) were
subsequently excluded from 3 sites because on querying during
validation, these codes did not correspond to actual traumatic
intracranial hemorrhage visualized on cranial CT. We did not
exclude patients who had preinjury anticoagulant or antiplatelet
use. Given the inclusion criteria for all trauma registries (Table
E1, available online at http://www.annemergmed.com), all
eligible patients for this study should be included in registries.
Data Collection and Processing
Variables collected from each trauma registry included
subject age, sex, initial ED GCS score, initial ED systolic blood
pressure, length of hospital and ICU stay, ED and inhospital
procedures, ICD-9 diagnosis codes, mortality, and ED and
hospital disposition. Data on intrahospital transfers (eg, ward to
ICU or observation unit to ICU) were not available. An
Abbreviated Injury Score for head and neck, face, chest,
abdomen, extremities, and external body regions and the overall
Injury Severity Score were also collected from trauma
registries.20 These calculations were previously entered into the
trauma registries by data abstractors trained in performing
them. The Abbreviated Injury Score and Injury Severity Score
are scoring systems developed to measure injury severity
according to anatomic injuries divided by body regions.20
Anonymous data files from the sites were transferred to the
coordinating site.
Key variables were ascertained at each site to evaluate the
reliability of the registry data and identify any potential
systematic errors. Twenty-five subjects were randomly chosen
from each site for manual reabstraction. The presence of
traumatic intracranial hemorrhage, age, initial ED GCS score,
Table 1. List of critical care interventions.
Critical Care Intervention
Mechanical ventilation21,25 Use of mechanical ventilatio
Neurosurgical intervention21,23,24 Use of hyperosmotic agents
oxygen probe, intraventricu
craniectomy
Vasopressor or inotropic use21,25 Use of dopamine, norepinep
hemodynamic instability
Transfusion of blood products21,22,25 Use of packed RBCs, platele
Invasive monitoring21,25 Monitoring with a central venED disposition, presence of a critical care intervention, and g
Volume , .  : May ortality were abstracted from the medical record with a
tandardized data collection form and compared to trauma
egistry variables.
utcome Measures
The primary outcome measure was initial ICU admission
rom the ED. The secondary outcome measure was the
roportion of subjects receiving a critical care intervention at
ny point during ED care or hospitalization. A critical care
ntervention represented specific interventions or patient
onditions that would warrant intensive care monitoring or
anagement (Table 1).5,21-25 This list of interventions was
erived and modified from the Task Force of American College
f Critical Care Medicine Guidelines for ICU admission and has
reviously been used to define the need for ICU admission.9,21,26
rimary Data Analysis
Data files in different formats (eg, XML, text files, comma
elimited) were reformatted and recoded with standardized
ational Trauma Data Standard definitions and coding for
ariables, using Stata statistical software (version 11.0;
tataCorp, College Station, TX). After checks for nonsensible
alues were completed, interval data were reported as the mean
nd SD or median with interquartile ranges. Proportions were
resented with 95% confidence intervals (CIs). The variability
etween sites in ED disposition and ICU patients not receiving
critical care intervention was compared with descriptive
tatistics. Independent variables associated with ICU admission
ere tested for significance (P.05) with a random-effects
ultivariable logistic regression model. Variables included in
he regression model were age (continuous variable), male sex,
nitial ED systolic blood pressure less than 90 mm Hg, Injury
everity Score, and site. Indicator variables were created for
ategorical variables and compared with the reference standard
selected according to highest prevalence). Multiple imputation
as performed for variables with greater than 1% of missing
ata; otherwise, missing data were handled with complete-case
nalysis.27,28 The postestimation overall effect of site
categorical variable) was tested with the Wald test of simple
inear hypotheses. Reliability of key variables was measured with
ohen’s  coefficient, with substantial agreement defined as a 
Definition
acute respiratory failure
levated intracranial pressure, intracranial pressure monitoring or brain
atheters, intracranial drains, placement of a burr hole, craniotomy/
, epinephrine, dobutamine, phenylephrine, or vasopressin for
ryoprecipitate, or fresh frozen plasma
or arterial catheter for hemodynamic instabilityn for
for e
lar c
hrine
ts, creater than 0.6.29
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Intensive Care Use by Trauma Patients Nishijima et alSensitivity analyses were conducted to evaluate potential
sources of biases. Analyses included (1) patient characteristic
differences between included patients and those missing ED
GCS or Injury Severity Score data; (2) the distribution of
patients with missing ED disposition data between sites; (3)
patient characteristic differences between patients with
Abbreviated Injury Score head scores, missing scores, and
potentially miscoded scores (Abbreviated Injury Score for the
head of 2); and (4) ED disposition with expanded inclusion
criteria defining minor traumatic intracranial hemorrhage
(addition of patients with GCS score of 15, Injury Severity
Score less than 25, and Abbreviated Injury Score for the
head of 4).
RESULTS
Characteristics of Study Subjects
Of the 11,240 trauma registry adult subjects with traumatic
intracranial hemorrhage from the 8 sites, 771 (6.9%) were
excluded for missing ED GCS score or Injury Severity Score
(Figure 1). Of the remaining subjects, 1,412 (13%) met criteria
for minor traumatic intracranial hemorrhage (initial ED GCS
score of 15 and an Injury Severity Score less than 16). Within
the cohort of minor traumatic intracranial hemorrhage, the
mean age was 48 years (SD 20 years), 67% were male patients
(95% CI 65% to 70%), median Injury Severity Score was 10
(interquartile range 9 to 11), and there were 3 deaths (0.21%;
95% CI 0.04% to 0.62%). Patient characteristics and severity of
Figure 1. Flowchart.
*Minor traumatic intracranial hemorrhage (tICH) is
defined as an initial ED GCS score of 15 and an Injury
Severity Score (ISS) less than 16.injury for individual sites are detailed in Table 2.
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Nishijima et al Intensive Care Use by Trauma PatientsInterrater reliability measured between manual reabstraction
and registry variables demonstrated substantial agreement
(0.6) for all clinical variables (Table E2, available online at
http://www.annemergmed.com). Missing variables are
detailed in Table E3A and B, available online at http://www.
annemergmed.com.
Main Results
Of the 1,412 subjects, ED disposition included discharge (25
subjects; 1.8%; range between sites 0% to 7.3%), observation
unit (56 subjects; 4.0%; range between sites 0% to 12%), ward
admission (443 subjects; 31%; range between sites 2.2% to
50%), and ICU admission (888 patients; 63%; range between
sites 50% to 97%) (Table 3 and Figure 2). Seven of 8 sites
admitted more than 50% of subjects to the ICU. Two sites
admitted less than 5% of patients to the ward and 5 sites
discharged less than 1% of patients home. Half of the sites used
an observation unit (proportion used ranged from 6.7%
to 12%).
When independent variables were held constant in the
multivariate logistic regression model, age, Injury Severity Score,
and study site were significantly associated with ICU admission
Table 3. ED disposition by site.
Variable 1 2
Patients with minor tICH (% of total tICH)* 155 (15) 312 (9.7)
Discharged home 1 (0.65) 14 (4.5)
Admitted to observation unit 0 0
Admitted to the ward 49 (32) 75 (24)
Admitted to the ICU 105 (68) 223 (71)
*GCS score of 15 and ISS less than 16.
Figure 2 ED disposition by site.(Table 4). Postestimation testing evaluating the overall effect of
‡
Volume , .  : May tudy site on ICU admission was statistically significant
P.001). Because only 5 subjects (0.35%) had missing data on
odel variables (age, male sex, initial ED systolic blood pressure
90 mm Hg, Injury Severity Score, and site), a complete-case
nalysis was used to handle missing data (Table E3A, available
nline at http://www.annemergmed.com).
able 4. Risk of ICU admission, n1,407.*
ariable
Adjusted Odds Ratio
(95% CI)
ge
†
1.1 (1.0–1.1)
ale sex 0.95 (0.74–1.2)
nitial ED SBP 90 mm Hg 1.2 (0.22–7.1)
njury Severity Score, site
‡
1.1 (1.0–1.1)
2.3 (1.5–3.4)
2.3 (1.6–3.2)
1.5 (1.1–2.1)
7.7 (3.0–20)
2.0 (1.4–2.9)
1.7 (1.0–3.0)
30 (4.1–226)
Site 8 was the reference standards according to prevalence.
Per 10-year increase.
Site, No. (%)
3 4 5 6 7 8
4 (22) 45 (6.5) 198 (22) 69 (17) 32 (3.6) 337 (18)
2 (0.76) 1 (2.2) 0 5 (7.3) 0 2 (0.59)
9 (11) 3 (6.7) 16 (8.1) 8 (12) 0 0
1 (31) 1 (2.2) 55 (28) 12 (17) 1 (3.1) 169 (50)
2 (58) 40 (89) 127 (64) 44 (64) 31 (97) 166 (50)26
2
8
15Per point increase.
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Intensive Care Use by Trauma Patients Nishijima et alForty-four patients (3.1%) received a critical care
intervention during the ED visit or hospitalization. The most
common critical care interventions were mechanical ventilation
(22 patients; 1.6%) and blood product transfusion (15 patients;
1.1%). Eight hundred forty-seven of 888 (95%) patients
admitted to the ICU did not receive a critical care intervention,
whereas 3 of 524 (0.57%) patients discharged or admitted to a
non-ICU setting received a critical care intervention (all
received a blood product transfusion). Critical care interventions
were more likely in those admitted to the ICU (41/888; 4.6%;
95% CI 3.3% to 6.2%) than those not admitted to the ICU
(3/524; 0.57%; 95% CI 0.12% to 1.7%) Critical care
interventions by site are detailed in Table 5.
Sensitivity Analyses
Patients with missing inclusion criteria data (ED GCS or
Injury Severity Score) had more severe injuries (mortality 16%)
compared with patients included in the primary analysis
(mortality 0.21%) (Table E4A, available online at
http://www.annemergmed.com). Seventeen patients with
missing ED disposition data were distributed across 4 sites (11
patients from site 3, representing 4.2% of included patients
from that site) (Table E4B, available online at
http://www.annemergmed.com). Comparison of patients with
Abbreviated Injury Score head scores included, missing, and
potentially miscoded demonstrated similar patient
characteristics and ED disposition proportions (Table E4C,
available online at http://www.annemergmed.com). Expansion
of the inclusion criteria defining minor traumatic intracranial
hemorrhage demonstrated similar ED disposition proportions
to the primary analysis (Tables E4D and E).
LIMITATIONS
Our results should be interpreted in the context of certain
limitations. This study is retrospective and is subject to the
limitations of medical record review.30 We did use a number of
Table 5. Critical care interventions by site.
Variable 1 2
Any CCI 8 (5.2) 0
Mechanical ventilation 3 (1.9) 0
Neurosurgical intervention 1 (0.64) 0
Blood product transfusion 2 (1.3) 0
Vasopressor/inotrope use 0 0
Invasive monitoring 2 (1.3) 0
Admitted to ICU but no CCI during
hospitalization
97 (92) 223 (100) 14
Disposition to home/observation
unit/ward with CCI during
hospitalization
0 0
CCI, Critical care intervention.
*One patient received 2 CCIs.strategies to minimize potential biases commonly associated l
514 Annals of Emergency Medicineith trauma registries.16 An audit at each site ascertained the
eliability of key variables. The importance of conducting this
udit was highlighted by differences in ICD-9 coding between
ites and represents a key advantage over the use of a national
rauma registry.16 We also conducted analyses of missing and
otentially miscoded data. Nearly 7% of patients were missing
ata on initial ED GCS score or Injury Severity Score; however,
hese patients had more severe injuries compared with patients
ncluded in the analysis (Table E4A, available online at http://
ww.annemergmed.com) and would likely not meet minor
raumatic intracranial hemorrhage criteria. An additional 17
atients (1.2%) with minor traumatic intracranial hemorrhage
ere missing data on ED disposition and thus were excluded
rom analysis. The study conclusions, however, would not
hange had these patients been included (Table E4B, available
nline at http://www.annemergmed.com). All traumatic
ntracranial hemorrhage should correspond to an Abbreviated
njury Score for the head of 3 or higher20; however, the median
bbreviated Injury Score for the head at sites 1 and 3 was 2
Table 2). Comparison of included patients with an Abbreviated
njury Score for the head of 2, greater than 2, and missing
howed no significant differences in age, sex, initial ED systolic
lood pressure, mortality, and ED disposition; thus,
bbreviated Injury Scores of 2 for the head are likely solely a
esult of a miscoded score rather than an error in the coding of
raumatic intracranial hemorrhage (ICD-9 miscoded) (Table
4C, available online at http://www.annemergmed.com).
We do not have data on patients at admission from the ED,
hich would more accurately reflect the status of the patient at
dmission because patients may deteriorate or improve during
heir ED course. In addition, we do not have data on CT
haracteristics, repeated CT imaging, and anticoagulation state.
ecause the Injury Severity Score is calculated at hospital
ischarge, its use as part of the inclusion criteria may exclude
atients who initially may have minor traumatic intracranial
emorrhage at admission but whose hemorrhage progressed,
Site, No. (%)
4 5 6 7 8
) 0 11* (5.6) 9 (13) 1 (3.1) 12 (3.6)
) 0 4 (2.0) 2 (2.9) 1 (3.1) 9 (2.7)
0 3 (1.5) 0 0 2 (0.59)
0 5 (2.5) 7 (10) 0 1 (0.30)
0 0 0 0 0
0 0 0 0 0
) 40 (100) 119 (94) 35 (80) 30 (97) 154 (93)
0 3 (4.2) 0 0 03
3 (1.1
3 (1.1
0
0
0
0
9 (98
0eading to a higher Injury Severity Score. In addition, the use of
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Nishijima et al Intensive Care Use by Trauma Patientsan Injury Severity Score less than 16 as a surrogate for isolated
head injury may exclude patients with more severe head injuries
(Abbreviated Injury Score of 4 or more for the head). However,
including patients with head injury and higher levels of Injury
Severity Score (Table E4D, available online at
http://www.annemergmed.com) or eliminating Injury Severity
Score as part of the inclusion criteria (Table E4E, available
online at http://www.annemergmed.com) demonstrates
variability of ICU use similar to that of the study inclusion
criteria (Table 3).
This study was conducted at American College of Surgeons
Level I trauma centers in which the severity of injury, hospital
resources, and management of traumatic intracranial
hemorrhage might not be generalizable to lower-level or
nontrauma centers. Additionally, individual site resources (eg,
nursing to patient ratios, availability of hospital and ICU beds)
and local setting (eg, volume of trauma patients, patient and
physician preferences, community demographics, medicolegal
risk, previous isolated adverse incidents) at each site may differ
and account for variability in the ICU use we identified.
However, because these sites are relatively homogenous
(academic Level I trauma centers in the western United States),
care would be expected to be similar. Additionally, inclusion in
the trauma registry requires evaluation by the trauma service
(Table E1, available online at http://www.annemergmed.com).
Although it is general practice at all sites that patients with
traumatic intracranial hemorrhage be evaluated by the trauma
service, it is possible that very low-risk patients were not
included in the trauma registry.
The use of critical care intervention as a surrogate for
requiring ICU admission does have limitations. The list of
critical care interventions is based on a combination of previous
literature and expert opinion.9,21,26 It is possible that there are
unmeasured advantages with ICU care that prevented a critical
care intervention from occurring. Although this is likely for
medical patients with multiple complex conditions, it is less
likely in patients with traumatic intracranial hemorrhage who
are simply being observed in the ICU.
DISCUSSION
Our results demonstrate wide variability in ICU use in alert,
adult patients with minor traumatic intracranial hemorrhage
across a consortium of Level I trauma centers. Initial ICU
admission ranged from 50% to 97%, with trauma center site
being independently associated with ICU admission in this
population. Moreover, there was variability among sites in the
use of observation units, as well as the practice of discharging
these patients from the ED. Finally, and perhaps most
important, a large proportion of patients admitted to the ICU
never required a critical care intervention during hospitalization.
This finding was consistent across all centers and suggests
substantial inefficiency in ICU resource use.
Because of concerns that differences in injury severity
between sites (see Table E5, available online at http://
www.annemergmed.com, for patient characteristics from the A
Volume , .  : May ntire cohort) may have accounted for the variability of ICU use
ie, sites with a higher proportion of patients with more severe
raumatic intracranial hemorrhage would likely have higher
CU use), we analyzed patients with minor traumatic
ntracranial hemorrhage (GCS score of 15 and an Injury
everity Score less than 16). This represents a homogenous,
well-appearing” cohort of patients with minor traumatic
ntracranial hemorrhage who have a low prevalence of death and
eurosurgical interventions.7,8 Additionally, patients with an
njury Severity Score less than 16 are likely to have an isolated
ead injury, thus minimizing the possibility that patients are
dmitted to the ICU for significant, nonhead injuries. We did
ot compare the variablity of ICU use among moderate or
evere traumatic intracranial hemorrhage strata because these
atients have higher morbidity and mortality and a much higher
ikelihood of requiring critical care interventions and ICU
dmission.5
Several factors may account for the variability of ICU use.
ocal admission practices may dictate that all patients with
raumatic intracranial hemorrhage be admitted to the ICU.
wo sites in particular admitted greater than 85% of patients to
he ICU, suggesting that such a practice occurs. Although there
ere no differences in key variables across sites (Table 2),
nmeasured differences in injury severity (including overall
linical impression), not recorded in registry data, may have
xisted and could account for some of the variability of ICU
se. This unmeasured effect is also apparent, given that those
dmitted to the ICU had a higher rate of critical care
nterventions (4.6%) than those admitted to a non-ICU setting
0.57%). Additionally, sites with a higher proportion of well-
ppearing patients may be more likely to develop alternative
trategies to uniform ICU admission (eg, observation units,
bserve and discharge from ED, admission to the hospital
ard).
Variability of ICU use has important implications. ICU
esources are limited (only 8% of hospital beds) and costly (one
hird of acute hospital charges).31 Sites with a uniform ICU
dmission policy for all patients with traumatic intracranial
emorrhage may admit many patients to the ICU who
ltimately do not require ICU-level resources. Inappropriate
CU admissions has broad public health relevance, given its
ssociation with adverse patient outcomes for admitted patients,
rolonged ED boarding times among all patients awaiting ICU
dmission, and ICU and ED crowding.32-34 Within our study
opulation, more than 95% of patients admitted to the ICU
ever received a critical care intervention during hospitalization,
uggesting room for improvement in the use of intensive care
esources. Sites with the highest proportion of patients admitted
o the ICU also had the highest proportion of patients admitted
o the ICU who never received a critical care intervention
uring hospitalization.
To our knowledge, this is the first study evaluating the
ariability of disease-specific ICU use across multiple sites.
lthough previous guidelines recommend general criteria for
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Intensive Care Use by Trauma Patients Nishijima et alICU admission,21,35 specific guidelines for ICU admission of
patients with traumatic intracranial hemorrhage are vague and
inconsistent.3,36
Appropriate use of ICU resources is important to provide
safe and efficient health care. It is estimated that eliminating
deviation from “optimal care” could cut up to 30% of health
care costs in the United States without reducing quality.37
Future studies should be directed at improving ICU use for all
trauma patients. Identification of a low-risk group of patients
with traumatic intracranial hemorrhage who may be safely
discharged home or admitted to a non-ICU setting would
improve ICU use.
In conclusion, across a consortium of trauma centers we
identified wide variability in ICU use within a cohort of
similarly injured patients with traumatic intracranial
hemorrhage. Moreover, a large proportion of patients with
traumatic intracranial hemorrhage who are admitted to the ICU
never required critical care intervention, indicating a need to
improve use of the ICU for patients with traumatic intracranial
hemorrhage.
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Table E1. Trauma registry characteristics and criteria by site.
Characteristic/Criteria 1 2 3
Trauma registry characteristics
Traumatic intracranial
hemorrhage/y
200 678 279
Trauma registry inclusion/exclusion criteria
ICD-9 criteria* Yes Yes Yes
Transfers in/out of
hospital included
Yes Yes Yes
Discharged from ED
included
Yes Yes Yes, if transfer in or
out of hospital or
12-h ED length
of stay
Additional inclusion
criteria
Trauma team
evaluation
Trauma team
evaluation
Trauma team
evaluation
Exclusion criteria None Isolated hip
fractures
Isolated hanging,
drowning, or
poisoning without
ICD-9 criteria*
*Patients meet ICD-9 criteria if at least 1 of their codes is from 800 to 959.9 (exSite
4 5 6 7 8
131 164 164 194 354
Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
Trauma team
evaluation
Trauma team
evaluation
Trauma team
evaluation
Trauma team
evaluation
Trauma team
evaluation
None None Isolated hanging,
drowning, or
poisoning
without ICD-9
criteria*
None Isolated hip
fractures517.e1 Annals of Emergency Medicine Volume , .  : May 
Nishijima et al Intensive Care Use by Trauma PatientsTable E2. Analysis of interrater reliability between registry and
manual reabstraction.
Variable  Agreement, %
Age 0.8 83
ED disposition 0.8 91
Initial ED GCS score 0.8 84
Mortality 1.0 100
Presence of critical care intervention 0.6 78
Presence of traumatic intracranial 1.0 100hemorrhageTable E3. Missing variables.
Variable Missing, n Missing, %
A, GCS score of 15 and ISS less
than 16, n1,429
Site 0 0
Age 0 0
Sex 0 0
Initial ED systolic blood pressure 5 0.35
AIS, head 212 10
Mortality 0 0
Procedure code 0 0
ED disposition 17 1.2
Hospital disposition 5 0.35
Hospital length of stay 1 0.07
B, Entire cohort, n11,240
Site 0 0
Age 0 0
Sex 7 0.06
Initial ED systolic blood pressure 186 1.7
Initial ED GCS score 671 6.0
AIS, head 1,702 15
ISS 105 0.93
Mortality 11 0.1
Procedure code 0 0.0
ED disposition 75 0.67
Hospital disposition 69 0.61
Hospital length of stay 15 0.13
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Intensive Care Use by Trauma Patients Nishijima et alTable E4. A, Comparison of patient characteristics between patients with missing initial ED GCS score or ISS and patients
included in analysis.*
Variable
Missing,
n771
Included in Analysis,
n1,412
Age, mean (SD), y 51 (21) 48 (20)
Men, % (95% CI) 68 (65–72) 67 (65–70)
Initial ED SBP, mean (SD) 138 (34) 140 (24)
Initial ED GCS score (IQR) 14 (13, 15) 15 (15, 15)
Initial ED GCS score of 15, % (95% CI) 49 (39–59) 100
ISS, median (IQR) 21 (17, 27) 10 (9, 11)
ISS 16 or greater, % (95% CI) 81 (78–84) 0
AIS, head, median (IQR) 4 (3, 5) 3 (3, 3)
Mortality, % (95% CI) 16 (14–19) 0.21 (0.04–0.62)
ED disposition, home, % (95% CI) 0.44 (0.09–1.3) 1.8 (1.2–2.6)
ED disposition, observation unit, % (95% CI) 0.44 (0.09–1.3) 4.0 (3.0–5.1)
ED disposition, floor, % (95% CI) 16 (13–19) 31 (29–34)
ED disposition, ICU, % (95% CI) 83 (80–86) 63 (60–65)*Initial ED GCS score 15 and ISS less than 16.Table E4. B, Distribution of patients with missing ED disposition (n17).*
Variable
Site
1 2 3 4 5 6 7 8
Patients, n 0 1 11 0 0 1 0 4
Patients included in analysis, n* 155 312 264 45 198 69 32 337
Proportion of missing patients to patients
included in analysis, %
0 0.3 4.2 0 0 1.4 0 1.2*Initial ED GCS score of 15 and ISS less than 16.Table E4. C, Comparison of patient characteristics between patients with Abbreviated Injury Score of 2, 3 or more, or missing.*
Variable
AIS Score 2,
n173
AIS Score 3 or
More,
n1,018
AIS Score Missing,
n221
Age, mean (SD), y 49 (20) 48 (20) 46 (20)
Men, % (95% CI) 68 (60–75) 67 (64–70) 69 (62–75)
Initial ED SBP, mean (SD) 136 (25) 143 (25) 135 (21)
Mortality, % (95% CI) 0 (0–2.1)
†
0.10 (0–0.55) 0.90 (0.11–3.2)
ED disposition, home, % (95% CI) 2.3 (0.63–5.8) 1.9 (1.1–2.9) 0.90 (0.11–3.2)
ED disposition, observation unit, % (95% CI) 9.2 (5.3–15) 2.6 (1.5–3.5) 7.2 (4.2–11)
ED disposition, floor, % (95% CI) 36 (29–44) 31 (29–34) 27 (21–34)
ED disposition, ICU, % (95% CI) 52 (44–60) 64 (61–67) 65 (58–71)
*Initial ED GCS 15 and ISS less than 16.
†One-sided, 97.5% CI.
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Variable
Site
1 2 3 4 5 6 7 8
Patients with minor tICH
(% of total tICH)*
350 (32) 817 (23) 389 (25) 181 (25) n/a 152 (37) 66 (6.2) 622 (32)
Discharged home 1 (0.27) 24 (2.9) 2 (0.51) 1 (0.55) n/a 6 (3.9) 0 2 (0.32)
Admitted to observation unit 0 0 37 (9.5) 5 (2.8) n/a 14 (9.2) 0 0
Admitted to the ward 93 (27) 169 (21) 100 (26) 4 (2.2) n/a 29 (19) 1 (1.5) 274 (44)
Admitted to the ICU 256 (73) 624 (76) 250 (64) 171 (94) n/a 103 (68) 65 (98) 346 (56)*Addition of 2 groups: (1) GCS score of 15 and ISS less than 16; and (2) GCS score of 15, ISS less than 25, and AIS, head of 4.Table E4. E, ED disposition by site, No. (%).
Variable
Site
1 2 3 4 5 6 7 8
Patients with mild tICH
(% of total tICH)*
770 (72) 2,040 (63) 758 (22) 399 (64) 582 (62) 300 (76) 546 (61) 1,045 (65)
Discharged home 1 (0.13) 32 (1.6) 2 (0.26) 5 (1.3) 0 6 (2.0) 0 2 (0.19)
Admitted to observation unit 0 0 52 (6.9) 9 (2.3) 24 (4.1) 17 (5.7) 0 0
Admitted to the ward 166 (22) 468 (23) 148 (20) 10 (2.5) 136 (23) 46 (15) 7 (1.3) 340 (33)
Admitted to the ICU 603 (78) 1,540 (75) 556 (73) 375 (94) 422 (73) 231 (77) 539 (99) 703 (67)*GCS score of 13 to 15.Table E5. Patient characteristics by site (all patients with tICH, n11,240).
Variable
Site
1 2 3 4 5 6 7 8
Patients, n 1,101 3,562 1,534 722 900 410 1,066 1,945
Age, mean (SD), y 49 (22) 55 (22) 46 (19) 49 (22) 48 (22) 61 (22) 51 (22) 43 (18)
Men, % (75% CI) 69 (67–72) 64 (63–66) 75 (73–77) 65 (61–68) 69 (66–72) 66 (61–70) 71 (69–74) 745(73–77)
Initial ED SBP, mean (SD) 131 (33) 144 (28) 126 (40) 149 (31) 132 (30) 141 (29) 141 (39) 146 (41)
Initial ED GCS score, median
(IQR)
14 (11, 15) 15 (6, 15) 14 (3, 15) 15 (14, 15) 14 (3, 15) 14 (13, 15) 14 (9, 15) 14 (3, 15)
Mild GCS score, % (95% CI) 72 (71–73) 64 (64–65) 58 (57–59) 84 (83–86) 65 (63–66) 76 (74–77) 62 (60–63) 59 (57–61)
Moderate GCS score, % (95% CI) 6 (6–7) 6 (6–6) 6 (6–7) 5 (5–6) 5 (5–6) 7 (6–8) 15 (14–16) 4 (3–5)
Severe GCS score, % (95% CI) 21 (20–22) 30 (29–30) 36 (35–37) 11 (10–12) 30 (29–31) 17 (16–19) 23 (22–24) 37 (35–40)
GCS score 15, % (95% CI) 47 (46–48) 49 (48–50) 42 (41–43) 55 (53–56) 46 (45–48) 49 (47–51) 25 (23–26) 48 (46–50)
AIS head, median (IQR) 4 (3, 4) 4 (4, 5) 4 (3, 5) 4 (4, 4) 3 (2, 4) 4 (3, 4) 3 (3, 4) 4 (3, 4)
ISS, median (IQR) 17 (14, 26) 26 (17, 30) 22 (16, 30) 19 (17, 26) 17 (10, 25) 17 (14, 26) 25 (17, 30) 22 (16, 29)
Mortality, % (95% CI) 11 (10–13) 13 (12–13) 15 (14–17) 14 (14–15) 14 (12–16) 14 (11–18) 21 (19–24) 16 (15–18)
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